We argue that the diphoton excess recently reported by ATLAS and CMS can be explained, along with several anomalies seen in the flavor sector, in models where a Standard-Model singlet scalar resonance with mass MS ≈ 750 GeV is produced in gluon fusion via loops containing a scalar colortriplet leptoquark φ. For a leptoquark mass M φ 1 TeV, the production cross section is naturally in the 10 fb range. A large S → γγ branching ratio can be obtained by coupling the scalar S to new color-singlet fermions χ with electroweak scale masses, which can be part of an SU (2)L multiplet, whose neutral component has the right mass and quantum numbers to be a dark matter candidate. Our model reveals a connection between flavor anomalies, the nature of dark matter and a new scalar, which acts as a mediator to the dark sector. The loop-mediated decay S → τ + τ − could be a striking signature of this model.
I. INTRODUCTION
Recently, the ATLAS and CMS collaborations have reported an excess in the √ s = 13 TeV diphoton spectrum at a mass of M γγ ≈ 750 GeV with local significance of 3.6 σ (ATLAS) and 2.6 σ (CMS) [1] . Taking into account the look-elsewhere effect, the global significance of the excess is reduced to 1.9 σ (ATLAS) and 1.2 σ (CMS). If confirmed by future data, this would be a tantalizing first direct signal of physics beyond the Standard Model (SM) with far-reaching impact on our understanding of Nature. The absence of any significant excess in the dijet, massive diboson and tt spectra provides several important hints on the properties of a possible resonance S. This new resonance is very likely neutral under the SM gauge group, carries spin 0 or 2 and its decays into massive electroweak gauge bosons and SM fermions need to be sufficiently suppressed. In particular, couplings to light fermions are strongly constrained by dijet searches and precision flavor observables. The observed cross section σ(pp → S → γγ) = (4.4 ± 1.1) fb [2] thus implies a sizable coupling to gluons and a large branching ratio into the diphoton final state. Exceptions are models in which the resonance is produced through light-by-light scattering, for which its coupling to gluons can be negligible, while an enormous effective coupling to photons is required [3, 4] . For a neutral scalar, the couplings to gluons and photons need to be loop induced. However, production and decay through SM particles are problematic for a scalar mass M S ≈ 750 GeV, because tree-level decays of the new resonance into these SM particles would completely dominate the branching fractions. Therefore, the SM needs to be extended beyond the new scalar singlet in order to explain the excess. This potentially opens the door to a whole new sector of physics.
Many of the recent studies of the diphoton resonance make the economic assumption of a single new particle mediating both the gluon fusion and the diphoton loop amplitudes . In most cases, the new particle is solely motivated by the diphoton excess. In this letter we pursue a different approach. A significant part of the LHC Run-I legacy consists of the observation of a number of intriguing anomalies in the flavor sector. This includes a 2.6 σ deviation of the ratio
, a discrepancy in some angular observables in B → K * µ + µ − decays [29] , a deviation of the B s → φ µ + µ − branching ratio from its SM value [30] and a reinforcement of a previously observed anomaly inB → D * τν decays [31] [32] [33] [34] [35] [36] . Several authors have proposed that scalar color-triplet leptoquarks can explain one or more of these anomalies [37] [38] [39] [40] [41] [42] ; indeed, we have recently shown that a leptoquark with mass M φ 1 TeV, transforming as (3, 1, − 1 3 ) under the SM gauge group, can explain these anomalies in a natural way, while at the same time accounting for the anomalous magnetic moment of the muon [49] . Here we argue that TeV-scale scalar leptoquarks can naturally account for the observed production rate of the new resonance S, with which they can interact through a portal coupling
with a dimensionful parameter κ φS . The corresponding Higgs portal is assumed to be very small. Interestingly, a gluon-induced production cross section σ(gg → S) of order 10 fb is generated in these models for leptoquark masses M φ 1 TeV and natural values of κ φS ≡ g φS M φ with g φS = O(1). However, these scenarios lead to a strongly suppressed diphoton branching ratio in the range 10 −4 −10 −3 . We show that in an extension of these models by a color-neutral SU (2) L multiplet of fermions with mass M χ M S /2, which contains charged states in addition to a neutral dark-matter candidate, the S → γγ branching ratio can be greatly enhanced. Beyond the signatures characteristic for an extension including new color-neutral fermions, which set our model apart from the aforementioned "one particle in the loop" explanations, leptoquarks may further give rise to interesting loop-suppressed leptonic decay modes of the singlet S, which could provide smoking-gun signals of a flavormotivated explanation of the diphoton excess. 
II. PRODUCTION IN GLUON FUSION
Based on (1) and the diagrams shown in Figure 1 , the gluon-fusion initiated production cross section of the scalar singlet S reads
where K gg ≈ 2 accounts for higher-order QCD corrections when using
with A 0 (∞) = 1 the relevant loop function, and
the gluon-gluon luminosity function. It is instructive to normalize the cross section to the cross section for the production of a hypothetical SM Higgs boson h with mass m h = M S and vacuum expectation value h = v. We then obtain independently of the K gg factor
where
with A 1/2 (∞) = 1. For the hypothetical cross section in the denominator of (5) we use 0.74 pb, which is the product of the cross section σ = 0.157 pb at √ s = 8 TeV quoted in [50] (for m h = 750 GeV) with the boost factor 4.7 accounting for the raise of the gluon luminosity from 8 to 13 TeV [11] . We then obtain the values shown in Figure 2 . With realistic leptoquark masses in the range allowed by collider bounds and capable of explaining the flavor anomalies and reasonable values of the portal coupling we find cross sections large enough to explain the diphoton excess, provided that the branching fraction for the decay S → γγ is of O(1). 
Estimated pp → S production cross section (in fb) in gluon fusion at the LHC with √ s = 13 TeV assuming MS = 750 GeV, as a function of the leptoquark mass M φ and the portal coupling g φS .
III. DIPHOTON DECAY
In the minimal model presented so far, the resonance S can decay either into two gluons or into two photons through leptoquark loops. We find
with 43, 44] . This ratio is roughly of order 3·10 −4 (4·10 −3 ) for a leptoquark of charge 1/3 (2/3) and thus much too small to explain the signal, in agreement with [6] . The situation improves substantially if one introduces new vector-like, color-neutral and electrically charged fermions χ. The existing collider bounds for such particles (assuming not too large electric charges of these states) allow for masses as light as M S /2, and in addition fermion loops are enhanced relative to scalar loops by roughly an order of magnitude. The relevant interaction is
where the sum extends over one or more fermion multiplets χ i . The neutral partner χ 0 of the lightest lightest multiplet can be stable. The empirical evidence for dark matter provides a strong motivation for introducing such a new fermion. The scalar resonance S would then play the role of a messenger between the visible and dark sectors. Mixing with SM leptons can be avoided either by means of a discrete symmetry or by assigning a charge under a dark gauge group SU (N χ ) to the new fermions. For general SU (2) L representations, the couplings in (8) induce decays of S into massive electroweak gauge bosons, which are constrained by Run-I data. In Table I we compile the relevant bounds and corresponding analyses. We introduce the effective Lagrangian in the unbroken
such that the partial decay width into the various gaugeboson final states can be written as If not forbidden by a symmetry, the new fermions can also decay into SM leptons through mixing induced by Yukawa couplings with the Higgs or higher dimensional operators. Such new leptons can be constrained by collider searches, and the authors of [52] find a lower bound of M χ > 275 GeV for the charged component of an electroweak doublet from LHC Run-I data. With 100 fb −1 integrated luminosity at 13 TeV the bound can be improved to 440 GeV. For a singlet no bounds are derived, and even for 1000 fb −1 at 13 TeV an exclusion M χ > 200 GeV seems optimistic. Higher charges lead to more severe bounds of 360−460 GeV from 8 TeV data, depending on the coupling structure [53] . In the context of the diphoton excess, extra vector-like leptons have also been considered in [9] . In the following, we consider two scenarios motivated by a connection between the Sγγ vertex and a dark sector.
A. Triplet Model
The most minimal implementation of dark matter directly connected to the S → γγ signal is to introduce a single electroweak triplet of Weyl fermions χ =
In this case, the ratios R X = Γ(S → X)/Γ(S → γγ) of the different partial decay widths in (10) are found to be
Fitting the signal of σ(pp → S → γγ) = 4.4 fb, while taking into account the boost factor of 4.7 for gluonfusion induced production, leads to a tension in all three of these channels, in particular in S → Zγ. From (12) it also follows that the partial diphoton branching ratio is at most Br(S → γγ)
Given the production cross section shown in Figure 2 , this rules out the simplest dark matter embedding in terms of a triplet with hypercharge 0. Note, that the above conclusions are independent of the representation of χ under SU (2) L , as long as the multiplet carries no hypercharge.
B. Doublet plus Singlet Model
A doublet with hypercharge 1/2 has a neutral and a charged component and can in principle provide a dark matter candidate as well as an explanation of the diphoton excess. Such a dark matter candidate is, however, excluded by direct detection bounds from Z exchange. We therefore consider an extension with a vector-like SU (2) L doublet ψ with hypercharge 1/2, a vector-like SU (2) L singlet ξ with hypercharge −1, and a vector-like SU (2) L singlet η with hypercharge 0. In this model we find
For simplicity we will assume that g χS ≡ g ψS = g ξS and M χ ≡ M ψ = M ξ in the following, along with M η < M χ and g ηS chosen such that the relic abundance of dark matter is reproduced. In this limit c BB = 3 c W W , and one finds
and therefore the diphoton signal can be reproduced without any tension with Run-I measurements. In Figure 3 we show contours of the branching ratio Br(S → γγ) in the M φ − M χ plane for g φS = g χS . A sizable branching ratio can be achieved for a leptoquark mass of M φ > 400 GeV. Finally, in Figure 4 we show a fit to the central value (dashed black line) and the 1σ uncertainty band of the diphoton excess for g χS = 2 and g φS = 3 (blue) and for g χS = 2 and g φS = 6 (red). For a sizable parameter space the excess can be explained, but values of M φ > 1 TeV are strongly disfavored. Note, that the benchmarks are chosen to illustrate the preferred parameter space and potential low scale Landau poles can be avoided if multiple leptoquarks are assumed. Further, for g ξS > g ψS the branching ratios change in favor of a larger Br(S → γγ).
IV. A DARK MATTER SECTOR
A particularly intriguing scenario emerges if the singlet S not only provides a portal to the dark sector, but also gives mass to these dark fermions through a vacuum expectation value S ≡ w/ √ 2. The couplings (1) and (8) are then the consequence of the more fundamental Lagrangian
in which χ denotes an SU (2) L × SU (N χ ) multiplet containing a neutral dark matter candidate χ 0 , and exchanges members of the multiplet of opposite charge. If the dark matter is part of a vector-like multiplet, the Majorana mass term in (16) has to be replaced by an appropriate mass term. It follows that κ φS = λ φS w and M χ = g χS w/ √ 2. A discrete remnant of the dark symmetry breaking can forbid an explicit mass term.
Such a dark matter candidate from a pure electroweak multiplet can be searched for by means of disappearing tracks and monojet searches, for which exclusion limits strongly depend on the SU (2) L representation. The 14 TeV LHC is expected to become sensitive to our benchmark model at 3000 fb −1 , while an electroweak doublet for example would escape searches for masses
Regions in parameter space reproducing σ(pp → S) × Br(S → γγ) = (4.4 ± 1.1) fb at 1σ in the two benchmark models with MS = 750 GeV and gχS = 2, g φS = 3 (blue) and gχS = 2, g φS = 6 (red). The dashed lines correspond to the central value of the diphoton signal.
M χ > M S /2. A future 100 TeV hadron collider, however, would allow one to discover the dark matter candidate in both cases [51] . A comprehensive analysis of the dark matter phenomenology is left for future work.
A key signature of models in which the new resonance S is produced in gluon fusion via leptoquark loops may consist in exotic decays of S into lepton pairs via the diagram shown in Figure 5 . This process is chirally suppressed by the mass of the SM fermion in the loop, and hence significant rates can only arise if this fermion is a top quark. For the leptoquarks studied in [41] the topquark only couples to neutrinos, yielding invisible decays. For the leptoquark studied in [49] , on the other hand, and the coupling structure preferred by the explanation of flavor anomalies proposed in this paper, the decays into tau pairs are preferred. Neglecting the tau lepton mass and working at leading order in the ratio m The phenomenological analysis in [49] shows that the generation-diagonal left-handed leptoquark couplings are preferentially of O(1), while the right-handed couplings need to be suppressed. For the second-generation cou- cµ | ≈ 0.1 provides a good fit to the data. If a similar value is assumed for the product of the third-generation couplings, one would expect that the S → τ + τ − branching ratio can be close to 10% of the S → gg branching ratio. Observing these exotic decays would provide a smoking-gun signature of our model and a dedicated search provides a worthwhile target for a future high-energy hadron collider.
The decay of S into top-quark pairs is induced by the second diagram in Figure 5 , where a sum over lepton flavors = e, µ, τ is implied. In this case, we find
), and we use the pole mass m t ≈ 173 GeV in the phasespace factor involving τ t = 4m 
t ; however, the additional contribution is negligible due to a suppression by a factor ∼ 10 −2 with respect to the leading term, which is a generic feature of the model proposed in [49] . Numerically, the ratio (18) [49] . We find that the branching ratio S → tt varies between 2% − 10% of the S → gg branching ratio for |λ Figure 4 this changes the fit for M φ M χ and only by a small amount. Finally, we note that for a leptoquark mass of M S /2 < M φ < M S , tree-level decays such as S → φφ * → tt τ + τ − can contribute with branching ratios comparable to S → τ + τ − and would provide an additional non-trivial test of our model.
VI. CONCLUSIONS
We have shown that color-triplet scalar leptoquarks with mass in the TeV range, which have been invoked in the past to explain some of the persisting anomalies in the flavor sector seen at the LHC and the B factories, can account for the recently observed excess in the diphoton production rate seen in the first √ s = 13 TeV run at ATLAS and CMS. With a leptoquark mass in the range near or below 1 TeV and a natural value of the portal coupling to a new scalar resonance S, the production cross section σ(pp → S) via leptoquark-induced gluon fusion is predicted to lie between a few and a few tens of femtobarn. A large branching ratio for the diphoton decay mode of the resonance S can be obtained if this resonance is coupled to a multiplet of new color-neutral charged fermions χ with weak-scale masses. While the electrically charged members of this multiplet mediate the decay S → γγ, its neutral component χ 0 can be stable and provides a good candidate for WIMP dark matter. Our model predicts that the resonance should have an exotic decay mode into pairs of tau leptons, with a branching ratio that could reach 10% under reasonable assumptions.
The model described here is a prototype of a more general scenario, in which the scalar resonance S acts as a mediator between the SM and a new sector containing a dark-matter state χ 0 as a member of a color-neutral vector-like fermion multiplet. While S is produced in gluon fusion via loops containing very heavy new colored particles -the scalar leptoquark φ in our model -its diphoton decay is predominantly mediated by loops containing lighter, electrically charged fermion states of the multiplet χ. The production via a heavy scalar implies that the dijet decay model S → gg has a suppressed width, and hence existing dijet bounds can readily be avoided. As a result, in our class of models the total width of the new resonance S is very small, typically Γ S ∼ 1 MeV.
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